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ELECTRICALIZ CHARGED CONDEFSER

By 1. Irving ?inkel

SUMMARY

BY USE OF

I?LLTES

Object.- TO
for b=g oil
design of such a
airplane.

ScoDe.- The

determine the effectiveness of a charged condenser
foams and to obtain data on which to base the
device for mounting at the oil-tank inlet of an

USe of a Chmged condenser with its associated.
brush=harge for breaking o;l foams was studied. In this device
the oil foam is made to pass between the condenser plates, where
it is broken.

The influence of condenser-plate area and arrangement,
condenser-plate desi~, condenser-plate voltage, and oil tempera-
ture on the action of an electrical foam breaker was investigated
by means of a convenient laboratory apparatus. Tests were carried
out with two oils, an SAE 40 Diesel oil containing additives and
grade 1120 aviation oil without additives. Data are presented
covering the effect of water in the oil on the foam-breaking effec-
tiv&ness of the charged condenser. In addition tests were made
with gasoline-oil mixtures containingup to ~0 percent of gasoline
by volume at temperatures from 170° F to 200° F to determine
whether gasoline-air mixtures above the oil are ignited by the
discharge across the condenser plates. Possible sources of the
required high voltage for operating the foam breaker, safety
measures that should be taken in their a~lication, and design
recommendationsfor a foam breaker are discussed.

Sumnaryof results.- Foam-breaking tests with condensers
charged to potential fferences from 12,500 to 19,000 volts on
foams producedofrom an ME 40 Diesel lubricating oil at tempera-
tures from 120 F to 160° F &d grade 1120 aviation oil at tem-
peratures from 1$0° F to MO F have shown:

.. .-
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1. Far a given condenser the foam-breaking rate increased with
applied voltags and oil tempora@re. Oil additives, however, may
modify the tendency of foams to break more readily at high foam
temperatures●

2. The foam-breaking effectiveness of the condenser was
increased when the oil recovmed by the foam-breaking process was
chained from the foam that rsmdned to be broken.

3. Foam breaking was most rapid near the edges 01’the con-
denser plate.

40 Natcr concentrations in the oil of less than 6 percent by
voluma djd not influence the foam-breakinl~rate.

Ignition of gasoline-oil mixtures containing up to SO percent
of ~asoline by volume from 170° F to 200° F by the clischar~eacross
Me condenser plates did not occur.

Conclusions.- The foam-brenking tests and the experience with
the operation of the kboratory form of the proposed foam breaker
tidicate that oil-fo%m braakcrs that employ charged condenser plates
am suitable as c means of el~minat.ingoil foaming. This apparatus
should be considered in those installations in which the oil foamtig
camot be eliminated through other changes in the mechanics of the
oil system or throu~~ the possible use of defoandng additives.

TW’ROIQJCTION

Unpublished reports from several sources concerning lubrica-
tion ●and oil-punqin~ difficd.ties that occur in aircraft engines
during fli:,htas a result of oil foandng prOmpted the study snd
‘!evolopmentof a method of controlling oil foamin~ by charged
condenser @ates placed at the oil-tank inlet. This work was
conducted at the Aircraft E@me Research Laboratory of the NACA
from February tn June 1943.

Loss of oil from the en~ine to the air and reduced oil
delivery to the en:~ineare t% two difficulties associated with
oil foam~ng during fli};ht. Loss of oil occurs when the voluma
of foam produced exceedc the available capacity of the oil tank,
the en(~inccrankcase, @ t!!eoil-tank vent line connf~ctingthe
two. The excess fonm is lost to the air with the engine blov-by
through thfi:crankcase breather. T!lisloss of oil is sometimes
sufficient to rect~cethe fli~j.t.renge of the airplane below the
limit imposedby the fuel &UpJJ~ and may occur at .anyflight
altitude.
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The de~very Mnh.%hp ~esmare:~p ..eu#p~~ ~eWn@n@--tih
oil fails off with increased oil-entrained air at the pq inlet,
“Thissub$ect wag dis-cussedin detail in a report delivered by
Dolza at an ME meettig on June 8, 19@. The work of Pigott (ref-
erence 1) closely paralleled the work of Dolza. These workers
have pointed out that the presence of the ah in the oil reduces
the suction developed at the pump inle~and at high altitudee,
where the atmospheric pressure is low, the difference between the
pressure at the oil tank and the’pump inlet is insufficient to
supply the.oil to the p~ at the rate required for satisfactory
engine lubrication. As a result, flight is restricted to altitudes
appreciably lower than those which the airplane could otherwise
attain.

The presence of oil foam h the tank can contribute to the
aeration of the oil flowing to the oil pressure pump in the fol-
lowing ways:

1. The air in the foam cm be reincorporated tito the main
body of the oil by splashjng of the oil In the tank during airplane
maneuvers.

2. #hen the oil supply is low, the oil that forms the foam
may represent an appreciable part of the total oil supply. The
clear oil that remains for circulation therefore spende less time
for each pessage through the oil system in the oil tank where it
can lose the air entrained in it. The oil flowing to the preseure
Pump has more entrained air than it would have H the oil in the
foam were available for circulation. This condition ie particu-
larly true of oil systems employing a hopper-type oil tank that
provides for the rapid circulation of a portion of the oil in the
tank.

The dispersion of crankcase gas h oil, from which foam is
produced when the gas bubbles attempt to pass through the oil
surface to the adjacent atmosphere in the oil tank, is formed by
the mixing action of the scavenge pump on a combined charge of oil
and crankcase gas drawn from the crankcase oil sump. The capacity
of the scavenge pump drawing oil from the engine exceeds the caP=- . .
ity of the pressure pump delivering oil to the engine. This excess
Pump capacity is provided to insure that oil does not accumulate
in the engine crankcase. As a result, the extra capacity of the
scavenge pump is satisfied by cr~kcase gases drawn in with the
scavenged oil,

Whether the dispersion of gas in the oil formed by the scmenge
PumP till re~lt in foam upon discharge into the oil tank depends
on the presence of fomg agents in the oil, which are as yet
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unidentified. These foaming agents may be present in new oil, or
they may be formed or introduced in use. The amount of foam formed
per gallon of oil-gas mixture of given proportions can be somewhat
reduced by providing means of coalescing the gas bubbles and sepa-
rating them from the oil before the mixture joins the main body of
oil in the tank. Some methods of this type are considered h
references 1 and 2. A thorou@ discussion of the status of the
oil-foaming problem was made in l~h2 by “J.J. McCann. (See ref-
erence 3.)

Three general methods of controlling oil foaming can be used:

1. An antifoam additive can be used in the oil.

2. Oil-system pumps, piphg, and related accessories can be
modified to minimize the aeration of oil and thereby reduce conse-
quent foaming.

3. Foam canbe permitted to form and then be broken before it
can adversely affect the engine lubrication system.

The method of controlling oil foaiifi.gconsidered in this paper
comes under the third category and involves the separation of the
foam from the oil as it enters the oil tan!!and the breaking of
this foam in an electric field and the associated brush discharge
between charged electrical conductors through which the foam is
made to flow. In the form of the device recommended in this report,
the electrical conductors are modified condenser plates, one of
which is in direct cent’ct with the foam and the other which is
separated from the foam by a solid dielectric.

The purpose of t,heresearch was to establish the value of
using strong electric fields between charged ccndenser plates for
breaking oil foams and to determine tne importance of various
design factors and oil properties that are likely to influence
the effectiveness of a foam breaker. The data obtained must not
be considered to represent an accurate evaluation of the effect of
design factors and oil properties on the foam-breaking rate because
simple laboratory apparatus was used to obtain the data and in some
cases complete control over the variables was not possible.

A laboratory form of a proposed fmm breaker designed to be
mounted at the mouth of the oil-tank inlet is described herein and
a drawin~ of a similar foam breaker considered suitable for an oil
system circulating up to 15 gallons of oil per minute, corresponding
to the oil-circulation rate of a 100CLhorsepower,air-cooled engine,
is included.



APPARATUS
7-.

... .

,-, ,.. .

The principal element of the foam-breaking detice described
in this report is a pair of condenser plates charged to a potential
difference of about 15,000 volts alternating current. The foam to
be broken was made to pass bgtween the condenser plates, where the
combined effect.of the electrostatic field and the brush discharge
between the plates broke the foam. One condenser plate is in con-
tact with the oil foam md will hereirmfter be called the ‘Iwetlf
plate; the other plate is separated from the foamby a solld
dielectric and will be designated the ‘Idryllplate. In the partic-
ular apparalalsused in obtaining data, the plates were separated
by a U.20-inch free gqp and a 3,5-millimeter thiclmess of glass,
against which one of the plates was mounted. The action of the
electrostatic field on foam bubbles is illustrated in figure 1.
A simple soap bubbly was placed between t’.vocondenser plates,

which were spaced lx inches and ch~rgeclto a potentiql difference

of ljooovolts. Fifire l(a) illustrfitssthe normal shape of the
bubble without the applied voltage. Fi~re l(b) shows Lne bubble
distorted to the breaktig point in the electrostatic field.

The apparatus ure..ito produce the foam and to tivestignte the
effect of the several primary variahl.eqinvclved in this method af
f~am breaking-is illustrated in firure 2. Foam was formed by
c~rclirl.zt% O’L1fre~ the sump (3-quart capacity) throuqh the motJor-
driven ~~ar pump, into I,hefoam tub:, and ky gravity back to the
Smp . The oil entered the foam t.ubt:through a set of holes
0.03F inch in diamettr drilled in a tube, which wqs completely
immersed in the oil; the top of the oil-injection t,ub~can be seen
in figure 3. The rat; of foam production wss increased by passing
the oil and air into t% foam tube throu~n these holes.

The capacity of the pumpjng system was varied by the kqqx+ss
hich was set to make tha puw! delivery ~xceed the rate atvalvs, w

which oil flowed from the foam tube to the eump. In this wzv a
mixed charqo of air and oil WM drawn into the pump. Inject50n
of this charg~ into the foam tube produced the foam shown in fig-
ur~.s4 and $.

Th~ foam tub~ was maclofrom a 28-~mch length of MM-millimeter
out.srdiametar and ~j-millimeter inner diameter ~l~ss tubing. ‘l’&
l-inch-diwnctsr sid~>arms placed 16 ~nches l]pfrom the lower end
servr.das mountings for glass-r~d sup,xmts for thn wet coridenscr
plate that was flxcd inside the tube. A heatirl. coil coverin~ ths
lower 6 inches of the foam tube v-s used witinthe oil-immersion
heata at the pump ir?lct,tc mqint,ainthe oil at the test t-,mperature.
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A second
condenser was
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tube similar in design to the foam tube without the
employed to store oil at the test temperature for.-

use in displacing the test foam through the condens&. (See
figs, 2 andh.)

The dry plate of the condenser (figs. 2 and s) was madeby
wrapping a wire-screen band, b inches wide, completely around the
outside of the foam tribe. The wet plate was made either of thin
metal foil or of screen supported on the cylindrical surface of a

metal tube 3; inches in diameter and 4 inches long (fig. 6(a)).

Slots were cut in the metal”tube to provide for the passage of oil
through the screen to the inside of the tube (fig. 6(b]). One end
of the tube was closed by a flat metal plate into which a glass
tube was inserted. This glass tube conducted the oil that passed
through the screen to the oil in the lower regions of the foam
tube. A @ass ccver was placed over the open end of the metal
tube to prevent foam tinatpassed unbroken through the mndenser
from spilling into the metal tube. Rubber spacers inserted between
the wet plete and the inside wall of the foam tube maintained a
uniform annular pas~age 0.20 inch wide though which the foam was
passed during a test. The 3.~-millimeter thickness of glass between
the plates, which was provided by the wall of the foam tube, was
jmportsmt in maintatitig a uniform electrical brush discharge across
the gap. Jithout the glass or an equivalent dielectric material,
undesirable arcing between the plates tends to occur. The foam-
“breaking action of the condenser is lost when arcing occurs.

The voltages used for tinesetests were obtained with a neon-
siqn transformer, the output voltage of which was controlled by
varying the voltage impressed on the prLnary by a second variable-
output step-down transformer.

Tests were run to determine the effect of the followin~ factors
on the foam-breaking rste:

Condenser-plate are~ and arrangement
Condenser %t-plate desi;n
Condepssr-~late voltage
Oil temperature
l~aterin the oil

S1.lzLo
foamed readily

Diesel lubricating oil that contained additives and
was used for most of tie tests. Wade 1120 aviation



oil without additives, which foamed moderately, was used to indi-
cate the e~fecti~ess of charged condenser platee on the breaking
of a @pical aviation oil foiii. Tests’were included to determine
whether the brush discharge between the charged condenser plates
would ignite a gasoline-air mixture.

“#henthe oil was brought to test temperature, a portion of
the oil was stored h the heated storage tube and the rest was
cycled as previously describedmtc produce the test foam in the
foam tube. The rate of oil circulation~dbout 4 gallons per
minute, The pump bypass valve (fig. 2) was so adjusted that air
drawn in with the oil was the proper amount to give the maximum
rate of foam production in the foam tube. No attempt was made to
measure the circulated air.

When sufficient foam for the test was produced, the cycling
of oil was stopped and the sump was filled with oil from the storage
tube. The pump bypass valve was then set from previoue calibration
to @ve the desired nominal pumpinp rate of the sump oil Into the
foam tube. This oil, wdthout air, acted as a liquid piston in the
loam tube and raised the fcmr.between the charged condenser plates.
The flow rate of the foam into the space betwsen the condenser
plates, in cubic inchcB per second, was determined by timin~ the
rise of the ltie of s~paratior.betwc,m the f’ownand the clear oil
h the foam tube of known diamtsr.

At the start of its upward displzccment.the column of foam ‘-’as
made to extend to either th~ l.~pp.sror the lower edge of the wet
plate, ds~~nding on the t.st to be ran, ‘he test Frocsdure chosen
depended on the amount of stable foam that could bu made at the
test temp~raturt.from the test oil. In order to compare an oil
that foamed readily with one that foamed rnodsratcly,similar tests
were run with the foam of both oils reaching the lower edge of the
condenser before the test. When the foam reached the lower edge
of the condenser at t!!ebeginntig of the test, the percentage of
the condenser cov.:redby ths foam wh~ SO cubic inches of foam
were displaced between the plates ‘wasdetermined. If the foam
reached the top of the condenser plate before the test, tha height
above the condenser reatied by the foam was recorded when 72 cubic
tithes of foam wer~ ilisplacedthrwgh the condenser. The ratio of
Ws height to that through which the line of separation between
oil and foam moved to displace the 72 cubic inches of foam gave
the proportion of foam that passed unbroken through the condenser.
‘he percentage of foam broken was obtained by subtracting this
value from unity and multiplying by 100.
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RESULTS AND MSCUSSION

Condenser-Plate Area and Arrangement

Effect of condenser-plate area.- Three dry condenser lates
of 1-, 2-, and 4-inch width Ewere successively used with a -inch-
wide wet plate made of 120-mesh screen. The top edge of each dry
pLate was fixed at the same level as the top edge of the wet
condenser plate. Mesel lubricating oil was used for these tests.
The initial foam column before the voltage was applied reached the
top edge of the condenser plates for each test of this series. The
applied voltage was 19,000. The oil temperature was 160° F, corre-
sponding to a viscosity of 43 centistokes, or 197 Saybolt Universal.
seconds.

The results obtained from these tests are shown in figure 7.
At a foam-displacement rate of 8 cubic inches per second, the
amounts of foam broken by the 2-inch and the b-inch plates were,
respectively, 1.1S and 1.4,4times that broken by the l-inch plate.
At a foam-displacement rate of 16 cubic inches per second, the
amounts of foam broken by the 2-inch and the h-inch plates were,
respectively, 1.29 and 1.74 times that broken by the l-inch plate.

The fact that the variation in the percentage of foam broken
at a given rate of foam displacement is approximately ltiear with
respect to the
cates that the
more effective
This point was
paragraphs.

Effect of

condenser-pfite area but is not propofiional indi-
electric field at the edges of the condenser was
in breaking foam than the space between the edges.
vertiied by experiments described in the following

condense*Dlate arraruzement.-In order to evaluate
the efiect of condecser-plate arrang%ent, three tests were made
using, successively, one 2-inch-wide dry plate and two l-inch-wide
dry plates which were so mounted that the bottom edge of the higher
plate was separated from the top edge of the lower plate by a dis-
tance of l/4 inch h one test and 1 inch in the other test. The
top edge of the higher dry plate was at the same level as the top
edge of theoh-inch-wide wet plate. Diesel lubricating oil was
used at MO F with a condenser voltage of 19,000. The initial
foam column extended to the top edge of the condenser plates.

The results obtained are plotted in figure 8. Tw l-inch-
wide dry plates were more effective than one 2-inch-wide dry plate
and the gain obtained with the two plates increased with the dis-
tance between them. At a rate of foam displacement of 10 cubic
inches per second, the percentage of foam broken by the 2-inch
plate was 60; for the two l-inch plates 1/4 inch apart, 71; and
for tie two l-inch phtes 1 inch apart, 86.
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The gah obtained by Using two separated l-inch plates was
believed to be principally due to doubling the length of the
condenser+hte edge provided by the two separated plates. when
the spacing between the plates was 1./4inch, the adjacent edges
of the plates were so close that their electrical fields apparently
overlapped and the effect was not that of two separate edges, A
large part of the improvement obta.inedwith the l-inch spacing,
however, mm probably also due to the impzmved drainage of the oil
recovered from the foam thrcugh the wet-plate screen. The oil
recovered between the con&nser plates by breaking the foam tended
ti Wt the oncoming foam wld made it difficult to break unless
proper drainage for the recovered oil was provided. lh the case
of the I-inch-ePaced dry plates, the oil recovered from the foam
broken ~n the field of the lower plate was allowed more time to
drain before the foam moved through the field of the second plate
and the foam was therefore more easily broken. The curve for a
3-inch-wide dry plate, for which the drainage time was the same
as that for tmm l-inch-wide dry plates spaced 1 inch, 5nclicates
by comparison with tne curve for the two l-inch-spaced dry plates
the &sin in fcwun-brsakingeffectiveness obtained by providtiflthe
additional condenser-plate ed~e.

The mo~t effective condenser dry plate, therefore, WOUM be
one that will give t!~eJ:laxhumedge effect. Dry plates made of
wires would probably ~rovide the ~reetest len~th of condenser ed~e
for a fixed over-all condenser area.

The greater the tlnicknessof the oil film making up the foam,
the more difficult it was to bre~k the foam. AS fo~ bre*in&
proceeded between the condenser plates, the oil recovered from the
broken foam drained domn and wetted the onco!nin~foam. This effect
can be observed ne=r the top of the foam column at the edge of the
condenser plate 5n figure ~. A collar of solid oil tops the fom
column. At the middle of this collar the oil can be seen flowing
downward over the onmming oil foam.

The necessity of ?rovidi.n~for dr~in~ge of the oil recovered
from the foam was demonstrated with the wet plate illustrntid in
figure 6. The oil recovered from the broken foem drained through
the ecreen to the inside of the steal tube and joined the main
body of cle-aroil via the glass tube. Foam did not rise in the
glass tube during the foam-breaking tests because the lower end
of the tmbe was always sealed by the layer of clear oil. l?08m

did not move tllrou~hthe screen unless an appreciable pressuro
drop existed across the screen to force the foam through it,.
(See fig. 9.)

1“ – . . -----------.._.–___-= ___ ._ . .
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For the test to determine the effect of oil drainage on foam
breaking, cylindrical wet plates 4 tithes long of 8Ckesh screen,
120-mesh screen, and solid copper foil were used. The dry plate
was cylindrical and was made of 120-mesh screen h inches in”diameter
and h inches long. Diesel lubricating oil at 160° F was used in
all tests. The condmser voltage wss 19,000. The initinl column
of foam extended to the top of the condenser.

The data obtatied are plotted in fipure 10. At a foam-
displacement rate of 12 cubic inches per second, the anmunt of
foam brokm using wet plates of 120-mesh and 80-mesh screen were
110 percent and 126 percent.,respectively, of the value obtnined
with the sc)lidcoppe~foll wet plate that provided no drainage for
the recovered oil.

Some of the improvement in foam-breakinn effectiveness with
ths coarser-screenwet plate might have been due to an edge effect
simjlar to the effect observed for k.hedry plate. A small discon-
tinuity in L!e metgl of the wet plats will produce the same edce
effect as a much lar~ar clisconbinujtyin ‘thedry plate because
the wet plate is in contact with bhe foam and the dry plate is
separated from the foam by a dielectric. The edge effect produced
by wet-plate discontinuities therefore increases with the coarse-
ness of the mesh. The edge effect is attributed to the relatively
hi@ discharge current den~ity between the condenser plates at the
edge or the discontinuity in the ccndenser. The closer the edge
or discontinuity is approached, the greater t,hecurrrxh density
will be.

More effective drainage of the recovered oil would have been
re~lized if the wet plate had kwen in a horizontal plane instead
of in a vertical plane because an appreciable amount of recovered
oil r.~i down the column of foam. The tests conducted, therefore,
did not evaluate the entire effect of the drainage of recovered
oil.

The recommand<d form of th: wet plate provides for the drainage
of the oil recmmrcd from tie fcwn. With wet ~lates of the type
discussed in this report, dr?inafe is most readi~Y accomplished when
the wet L:lnteis horizontal. Any form of the electric~l foam
br~aker should providh for the s::~l~rationot clear oil from the
foa~ in the mixture of fo~m and oil flowing to the foam br.,akerin
such a w~v that the foam to b~ broken contains as littlp oil as
possihla.

It has not bwm determined iow coarse the screen m~sh may
safely bu without permitting an undus amount of foam to pQss
unbroken t.hrouchthe scrcm with ths oil. Obs~.rvationsmade

— — —
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during t@se tests shored 80-mesh screen to be satisfactory for
oils having a viscosity less than 67 centistokes, or 32G Saybolt
Universal Zeconde,
temperatures above

cor@xmiing to grade 1120-a%ati-& oil-at
160 F.

Condens3r Voltage

Tests to evaluate the effect of condenser voltage were made
with both Diesel lubricati~ oil and grade 1123 aviation oil.
Voltages of 12,~Ot),14,400, 16,8q0, and 19,CKM were used. The
initial foam column extended to the lowor edge of the condenser
plates.

The &nta obtained for the ~iesel lubricating oil at 160° F and
180° 1?are shown ii]figure 11 and those for the ‘;rade1120 atiation
oil.at 160° F SWd 180° ~ arc shorn in f’i~e 12. These.data show
that the gaim in rate of foam displacement, when ? constant per-
centage of the ccmlenser @ats v~s coverml, decreaJed Ccr each
additional step of approximately 2200 voIts forchoth oils i~lalmost
every case. For instance, for both ~ils at 152 F and 18c0 F, the
fcllo~inq table gives th~ rate of displacement at t!w v=ious tsst
condenser voltages when 70 p=r~ent of ~fieccrdenser Ias~ovm$d:

T~~L~ 1. - 7/lRIji~IPH TU RJ.I’.”,W ~0~.’AZ~31’L,iCl 1+’1 7TU ~(j..l~y.~i~~~,L.,.

VC!!lJ”l.FOR 70 ~LKF-”i (W ‘!’UYQ GU.::LIHI

I ihte of i’c.amdispl,acenent IGlin in rate et’Coan ~i3pl.ac~-
(cu in./scc) nf:ntt’cmezck 2220-vol.t.stsp

~ +-

(UU in. s~c)

:–-~j%’-az;- %g??y 622:==
?olta~e Diesel lubri-

catin~oil ‘.—..
150~ $’ii@F 162° F l’i” F

f

.—
160° F 1899F 160°F lI!WCF

—.——
12,5X10 loa 2,4 1.O 1.8 -—--- —-—- --—— .-—

lb,600 4.9 4.8 2.6 7*9 3.1 Zob 1.,6 6.1
16,800 7.8 7.1 5.0

I

10.5 2.9 -? 2.4

-L

2.6
15’,000 9.2 ?,8 6.5 12.2 1.4 :; 1.s 1.7

—- .—— —. .

~etwesn 16,8iO0and 19,90!3volts the=}~nincbt,
volta~e dropped rapidl~ for hot’.oils .,t1808~nJjbJrraising~ne.. It is probable
that incr%a~inflthe volta:;ebeyond 2)4,0’Y)WOU1l n~t km justified
by the small increase inallow~ble raie of.fqamiisplacement
obtainwi for these oils at 180 F with the apparatl~s.

The analyses of the data in~iicatothat a optimum conJensc@-
plate potential difference exists for a condensnr of givnn design

-_ . —-
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for each oil beyond which the gti in foam-breaking effectiveness
obtained by increasing the voltage does not compensate for the
increased care required in the construction of the condenser for
use at the voltages above the optimum. For a condenser employing
a 0.20-inch free gap and a thickness of dielectric equivalent to
a 3.~-millimeter tnickness of pyrex glass, a satisfactory voltage
for most oils wouLq be about 20,000.

A comparison of d~t~ for the Mesel lubricating oil at 160° F
with data for qrade 1120 wi=tion oil at 180° F (table 1), the
temperatures fitwhich the oils had approximatel~ the same viscosity,
chows that the llieoellubricating oil, whicilformed the more stable
foam, was more ~iffiallt to break.

Oil Temperature

‘le~tsto evfilllat.ethe effect cd’oil temperature were carried
out with the sane ~pparatis and t,hesame procsdur~ as the tests
described in the precedinq section.

The ~ltqtaobtai.nedoibrkhe Dieeel lubricat%g oil at tF.mpcra-
tures vmyinc from 120 F to 150° Pwith ~ conzl,antvoltage of
19,000 are shown in fi~;urc13. The san% datg for the grade 1120 avia-
tion oil for temperatures from 150° I’to 180 i+’are plotted in fig-
ure u~ For the Diesel oil, the rate of fowl dis;>lacement~t an
oil temperature of 160° F was 2,5 twn”s as ~re.lt.as the foam clis-

L!hcemnt at 120° F for 70 percent of the ~late covered. For the
aviation oil, a change in temperature from 1~0° F to 1800 ~ multi-
;;li~ the rate of foam displacement for 70 percent,of pl~te covered
YY SIf~ctor of 2.2.

It will be
accornplishgdby
WWS at 160 F,
other condenser
that certain of

nat,ed+hat breakin~ of the Piesel oil foam was not
thi~ el~ctrical means 3s readiQ at 180° F as it
This effect was notrd in sim~l~r d~ta obtained at
volta~es not included in the re~,ort. It is believed
th~ additivss in this oil acquire oil-film ;u’otec-

tiv,=qu=lities at Iqlsvntec!tmn~eratlmes that-offset the gen&al
tendency of ths films to mpture more easily at the hi~her t,emper~-
tures.

For the ~ra~e 1170 lviztim {)il, ths effect of oil temperature
cm foam-breakin:;r~te js considmed to be one of vis~osity and
possikly surf~ce tension r~~her Lhqn ~er?turs. The lowor the
oil viscusity, t!!etlinner the oil film in the foam and the more
readil,yis it.broken. %en dr~ina~e through tllcwet plate was
provided, the rate at which th:.oil recovered frmn the foam moved
t!mou~h the ~Tet-pintsscreen increased with txnperature.

●

II
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The snalyses of these results indicate that the foam-breaking
rate obtaincd with the electrical foam breaker increased with foam
temperature. Oil additives that become surface active at the
higher temperatures and promote loam stability may modify this
trend.

~ter in Oil

The effect of water in the oil on the foam-breaking rate
obtained with the electrical fmm breaker vas determined with
Diesel lubricating oil at 160° F. The Diesel lubricating oil -s
chosen for these tests because water solutions oi the detergmts
pr~ssnt in the oil were better conductors of electricity than
water-in-oil emulsions which would have been obtsined with
grads 1120 aviation oil. The tests with Diesel lubricating oil
then represented the case whero conductance was the greater. The
results obtainad are summarized in table 2 ani show that the quan-
tities of water in the Diesel oil up to approxirateljj5 percent
by volrma had little effect on the l%am-breaki::gefficiency of
th~ condenser. A considerable reduction in the foam-br~aking
efficiency of tke cmlenser occurred mien the wat,:rin the oil
was increased to 8.79 perc~~Ltby volmm. Tests wm made at
19,CK)0volts with a nominal Rxm- .Iisplacemsr.trate ~f LL cubic
inches mr smoncl. iL dry :~lat. o i’ ~~-inch‘#idth .md a wt plate
of 12U-mesh screen mrc wind.

Perce:ltaEw‘watm ?ercmta[:5 of Fmr:-displ-acment rat+
b oil foam brokm (CU jn./9ac)

0.00 ’71 15.32
1.76 72 16.00
~.;; 79 16.35

16.35
8:78 ;; 16..75

It is unlikely that the smount af water in oil in an airplane-
engine crankcasa vmuld be above 6 percent for any appreciable .Iength
of time in view of tha fact that th= oil temperature in the cr&nk-
case Is around 2200 F and the atmospheric pressure above 20,0CX1-feet
altitude ie Lsss than one-haM that at sea level. Quantities of
w%ter in excess of 1 or 2 percent of the oil wul.i boil out under
these renditions. Foams formed from a sam!>legrads 1120 aviation oil
that had bean drained from an engine after 200 hours of flight

.— .—



service mere observed to break under the action of the fcmn breaker
as readily as new-oil fcmms. The conccmtration of water in the
us6d service nil together ,dth othlaroil contaminants coming from
the engine, the ful, and the oxidabion products of the oil was
insufficient to affect ths foam-breaking effectiveness of the
charged mndenser plates or to alter appreciably tk= nuwer required
for o~ration of the fomm breaker.

DESIGN OF THE EIECI’RICALFOAM !RFAAER

A laboratory farm of an electrical foam breaker suitabls for
installation in an aircraft oil tank is illustrated by a diagram
in fi~ure 15 and by photo=aphs in figure 16. A wet pkfi.teof
8&mssh screen was used, wtich provided for the separation of clear
oil from fosm in the ticoming aerated oil. The mkturc of foam and
oil ent~ring W tal~ (I%g. 15) passed up thrOUP$ the center tube
and over the conical portion of the screen. Clear oil moved through
the 8@mcsh screm snu ran down the outsid~ of the scr...man:lcenter
tube to the rain body oi oil in the tank. The foam stayed on the
inside of tie screen and flowed over the,top of the inverted cone.
As it passed over the horizonbal lip of the m~le, the foam was
broken within the electrical field of the condenser made ~~ of a
wet plate, which is the horizontal lip of the cone, and a dry plate~
which is located on the flat ourface of the gLass cover over the
cone. Some of the nil_recmrered Tkm the foam broken on the cone
lip drained thrm@ the lip screen a~d flowed down along +Jleout-
side of the mne to the oil tank. The recovered oil that did not
have a chance to dxain throuph the screen flo;,edarmnd the very
fine foam tn~bblesthat v=r~ n~nrally the last to be brol(enby the
electric field. If these foam b~bles were so mall that they
were submerged by the recovered oil, then the electric field did
not break them. This foam plus the oil Jlousi over the rim of the
cone lip and plated out to a thin layer on the cyltidrical rim of
the cone. The fins bubbles wre thus uncovered and subjected to
the electric field of the condenser formed by the cylindrical rim
as a wet plate and a wire-mesh band around the cylindrical sides
of the cone cover as the dry plate.

The i’oamthat separ~tas from the clear oil is ehc-m in fig-
ure 16(a). The foam is seen pouring down the cylindrical qlass
form used b support the rim 01’tilecone screen that constitates
the wt plate. When the v.>ltagewas (~~nlied,in this case
13,900 volts, the foa -S broken an~ the clear recovered oil was
observed to pour from the r~lil:tical rim of the wet “plat~,as
shmn in Ii[~re 16(b). The quantity of oil that -wa3 recovered
from the l-mm was appreciable, Some foam was formed by the falling
streams of recoverqd oil splashing in the main body of the oil.

I
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In an actual installation, a
for conducting the recovered
splashing.

15

funnel-shaped duct should be provided
oil dovm to the oil surface to prevent

A proposed form of the foam breahsr that is suitable for
mounting on the tilet line of an aircraft oil tank is illustrated
in figure 17. Its action is jdentical with the labcratory form
previously discua~ed, but its form differs f$om it in the greater
am-it of screen area provided for separating the clear oil from
the foam. Based on the ~xperience obtained iiiththe laboratory
foam breaker, a potential difference of 18,000 volts is recommended
for a condenser of the dimensions slmwn in the drawing. The spe-
eific voltage to be used for a foam breaker of given design will
depend on the maximum flight altitule at which the airplane will
fly. The voltage at which undesirable arcing will occur across
the condenser plates is less at altitude, vhere the atmospheric
pressure is 10W, than that at sea level. The voltage chosen must
be below this critical value. This foam breaker was dasigned for
grade 1120 aviation oil 16~ F or hotter circulating at rates up
to 15 gallons per mtiute.

Ths device does n~t increase the oil-flow resistance because
the clearances provided for the foam nassages are available ta the
oil if’it is too viscous at reduced temoeratlres to nnve rapidly
thnugh the screen. For the ssm~ reason no oil-flow difficulties
can result frcm nmhorizontal flight.

The most suitable materials fm the dry-plate support have
nOt been deterrrined. Pyrex ~lass a?rJears to Servs q~ite W1lJ ~J~t
undoubtedly there are euitable al.asticmaterials .rhichvmul.1be
less fragile than glass.

The type of electric current available on the atiplane will
detemtie the mthoil that can be used for obtaining tie voltage
required for the foam breaker. If only direct current is avail-
able, a form of large ~ark coil with a current ii~terrupterin the
primary of the coil muld serve. If alternating current is avail-
able, a lowcapacity high-voltage transformer is all that would
be required. The voltage su~plied to the spark plugs would prob- ,
ably be satisfactory. A second magneto may be required to supply
current to the foam breaker. The high-voltage murce should be
mounted on the outside of the oil tank just above the foam breaker
in order that high-voltage lines only several tithes l~ng can be
used. If a second magneto is used for producing the high voltage,
it should be electrically driven at the cil tank.

The newer consumed by the laboratory mcdel of the foam breaker,
which io comparable in
tistallation, was less

de~ign and capaci~y with the preposed airplane
than 60 watts.

1. =— - ...- .— -—. _
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SAFETY
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CONSIIERNTIONS

The tbllowing test was made to determine whether the type of
discharge that occurs betmen the condenser plates is capable of
igniting an explosive mixture of gasoline vapor and air that may
be present in the oil tank if gasoline dilution is practiced.
Oil-gasoline mixtures containing 5 to SO percent of AN-F-28,
Juxxxlment-1,a~tion gasoline leaded with ~.~ ml TEL per gallon
mere heated to a temperature from 1700 F to 200° F. Ah was
bubbled through the mixture and the ai~fuel mixture passed betmen
tm condenser plates across which a strong brush disch~ge was
maintained. In no case did ignition occur. The airplane oil-tank
atmosphere is composed of crankcase gas pumped with the oil to the
tank. The oxygen concentration of this gas is normally between
10 and 16 percent. The ignition tests with pure air containing
20 percent of o~gen therefore represented the mrst possible
condition,

Positive assurance that ignition cannot be caused by the fosm
breaker can be provided by bleeding exhaust gas into the oil sump
at about the rate of ~ gallons per minute. The gas circulated with
the oil is then essenti~ ly oxygen-free and ignition oannot possibly
occur●

The primary circuit of the spark coil or transformer should
be protected with a fuse. If arcing betmeen the oondenser plates
should occur, the fuse muld cut off the applied voltage.

Deposits of carbon fnm used engine oil on the surfaces of
the insulators may conceivably make it difficult to maintain the
required high electrical potentials across the condenser plates
because of electrical leakage through the carbon. If this elec-
trical leakage does occur, more care in the design of the insu-
lators snd the plate mounttigs will be necessary than is indicated
in the foam-breaker design given in this report. Protision should
be made in the installation design for permitting easy access to
the condenser plates for inspection and cleaning. The wet-plate
screen will act as a filter and some oil-borne solids will
undoubtedly be de~sited there.

SUNMARY OF RESULTS

The data on oil-foam breakinfi,tithcharged condenser plates,
one of which is in contact with the foam and the other which is
separated from the foam by a material of high dielectric strength
have sho~ ~ *

J
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1. Oil foams broke most readily in the space between the
condensers in the region of the condenser-plate edges..,. .

2. Drainage of the oil recovered from the foam away from the
fosm that remained to be broken improved the effectiveness of the
foam breaker.

3. The fosm-breakingrate increased with applied voltage below
the voltage at which arcing between the condenser plates occurred.

4. The rate of foam breaking generally increased with temper-
ature. Oil compments or additives that become foam stabilizers at
the higher temperatures may modify this tendency.

~. Water in the oil in quantities less than 6 percent by
volume did not influence the rate of foam breaktig.

6. The electrical brush discharge betmeen the condenser plates
did not i~ite gasclim-tir mhtures.

DESIGN lUXOWSNDATIOYS FOR NICMFT-CIL-SYSTFX FOAM BRCA-KER

1. At least one condenser pl~.tesi.a~il~ bc separated from the
foam by a solid mterial of F,ooddie”tic%ric xzp.erties that dOes
not permit arcing between condenser plates at altitudes where the
atmospheric pressure is 10.v.

2. One or both condenser plates s}laul2 be provided with holes
or channels tn permit the drai]jageof oil recovered from the broken
fasm away from the oncomti~ foem.

3. h order to provide as great a length of condenser edge
as possible for a condenser plate of given over-all size, the dry
cnndenser plate should be formed from narrow metallic tape or wire
suitably supported on solid mterial of high dielectric strength.

.4.Provision should be made for separating the foam from the
oil in the air-oil mixture entering the oil tank before the foam
is introduced between the condenser plates. The use of a wire
screen for this purpose appears to be satisfactory.

s. The a~lied condenser voltage should not exceed the voltage
at tiich arcing betmen tha phtes occurs at the maximum flight
altitude.

6. A modified form of foam breaker consisting of a grid of
modified condenser plates whose adjacent elements are oppositely
charged to a suitable difference of potential coild be installed
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abovu the oil level in the oil tank to break the fosm that reaches
it. Alternate a)ndenser plates should be insulated from contact
with the foam according to recommendation 1.

COHCLUSIOW

The foam-hreakMg tests and the experience With the operation
of the laboratory form of the prcposed foam breaker indicate that
oil-foam breakers tkt employ charged condenser plates are suitable
as a means of elimtiating oil f~aminp. This apparatus should be
considered in those installations in which the oil foaming cannot
be elimtiated through other chan~es in the mechanics of tileoil
system or through the possible use 01 defaaming additives.

Aircraft Engine Research Laboratory,
National Advisory Ccfimitteefor Aeronautics,

Cleveland, Ohio. “

1. PiFott, R. J. S.: 011 aeration. Sfi Jour. (Trans.), vol. 52,
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2. suhnlan,Ii.c.: Aircral’tEngine I.nstallatien. Aero. lkg. Rev.,
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3. KsCann, ‘i.J.: F@amil-+an}lAeratio:lin Aircraft Engine Oil
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(o) No uoltoge

(b) Voltage applied

Figure 1. - Behouior of soap bubble in electric field;
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Flgun? 5. - Foom entering condenser gap. The th!n top collar :;ls::id
011 has been recovered f~m foum olreody broken.
middle of column hos storted to flow down the tubee
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(0) wet plate.

Figure 6. - Construction of wet plate.



(b) Wet plote ’showing cutowoy plate support.

figure 6. - Concluded. Construction of uet ptate.
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Figure 9. - Seporotlon of cleor oil from foom by o screen.
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(a) 011 temperature,160° F.
Figure 12. - Effect of condenservoltage on roam breaking. Grade 1120
aviationoil; dry plate, 4 Incheswide; wet plate, 120-meeh screen; total foam
displaced,50 cubic inches.
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Rate of foam displacement,ou In.leec

Figure 14. - Effect of oil temperature on foam breaking. Grade 1120
aviationoI1;dry Plat%4 Incheswide; wet plate,120-mesh screen; con-
denser potential difference, 19,000 volts; total foam displaced, 50 cubic
inchee.
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MACAARR No. E4KOI Fig. 16a

(o) No uoltage.

Figure 16. - Loborotory oil-tonk foom breaker.
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NACA ARR HO. E4KOI Fig. 16b

(b) Voltage applied.

Figure 16. - Concluded. Laboratory oil-tank foam breaker.
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